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(57) For the production of acrylonitrile by ammoxi- 
dation of propylene, there is provided a catalyst capable 
f -\ of giving a high yield for a long period of time. 

In producing acrylonitrile by ammoxidation of pro- 
pylene, there is used a metal oxide as a catalyst, which 
metal oxide contains iron, antimony, molybdenum, bis- 
muth, potassium, an F element, a G element, an H ele- 
ment and silica as essential components in a specific 
composition ratio, and in which metal oxide iron anti- 
monate exists as a crystal phase, provided that the F 



element is at least one element selected from the group 
consisting of magnesium, calcium, strontium, barium, 
manganese, cobalt, nickel, copper, silver, zinc and cad- 
mium, the G element is at least one element selected 
from the group consisting of chromium, aluminum, gal- 
lium and indium, and the H element is at least one ele- 
ment selected from the group consisting of yttrium, lan- 
thanum, cerium, praseodymium, neodymium and sa- 
marium. 
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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to a catalyst suitably used for the production of acrylonitrile by ammoxidation 
of propylene, a process for producing said catalyst and a process for producing acrylonitrile by using said catalyst. 

BACKGROUND ART 

10 [0002] With respect to the production of acrylonitrile by ammoxidation of propylene, various catalysts suitably used 
therefor are disclosed. In JP-B-38-17967, there is disclosed an oxide catalyst containing molybdenum, bismuth and 
iron, and in JP-B-38-19111 , there is disclosed an oxide catalyst containing iron and antimony. After that, studies have 
been extensively continued to improve these catalysts. Forexample, in JP-B-51 -33888, JP-B-55-56839, JP-B-58-2232, 
JP-B-61 -2641 9, JP-A-7-47272, JP-A-1 0-43595, JP-A-4-1 1 805 and the like, there are disclosed one improvement com- 

15 prising using another component in addition to molybdenum, bismuth and iron, and the other improvement comprising 
using another component in addition to iron and antimony 

[0003] Further, in using these catalysts for the ammoxidation reaction, it is proposed to carry out the reaction while 
supplying a molybdenum-containing material thereto in the ammoxidation reaction, thereby maintaining the catalyst 
efficiency. For example, in JP-B-58-57422, there is disclosed a process, wherein a particle formed by supporting a 

20 molybdenum-containing material on silica is supplied to a fluidized bed catalyst containing molybdenum, bismuth, iron, 
cobalt and others, thereby restoring the catalyst efficiency. In DE 3,311 ,521 C2 and WO 97/33863, there is disclosed 
a process, wherein molybdenum trioxide or a molybdenum compound capable of converting to said trioxide in a specific r ^ 

amount is supplied to a catalyst similar to that mentioned above. Also with respect to a catalyst containing iron and \ ) 

antimony, there is known a similar proposal, for example, in JP-B-2-56938 and JP-B-2-56939. 

25 [0004] These catalysts of the prior arts are effective to improve a yield of acrylonitrile to a certain extent. However, 
further improvements of these catalysts have been requested. Particularly, these catalysts have not been sufficient in 
respect to repeatability in the production thereof, their structural stability and long-term stability of the yield of desired 
products. Also with respect to a catalyst containing iron and antimony, particularly a molybdenum component-enriched 
catalyst containing a crystal phase of iron antimonate, which is disclosed in JP-A-4-1 1 8051 , it has been very important 

30 to improve those from an industrial point of view and therefore further investigation of these catalysts have been re- 
quired. In addition, also with respect to the process comprising supplying the molybdenum component to maintain the 
catalyst efficiency, it is difficult to say that it is always effective. Even if the molybdenum -containing material is supplied, 
no effect can be observed in the case where a catalyst structure is markedly damaged. Further, even if loss of molyb- 
denum is not so large, no effect can be exhibited in the case where lowering of the catalyst efficiency is mainly caused 

35 by change of the catalyst structure. It is finding that the catalyst to be applied itself should be stable and should have 
no extreme damage on its structure. 

[0005] It has been desired to find a catalyst, which satisfies requisites such as further improvement of the yield of 
the desired acrylonitrile, superior long-term stability when used for the ammoxidation reaction, and long-term mainte- 
nance of its efficiency by the supply of a molybdenum-containing material. An object of the present invention is to solve 
40 these problems and particularly to improve the catalyst composition disclosed in JP-A-4-1 1 8051 , thereby giving a K 
catalyst more suitably used for the production of acrylonitrile by fluidized bed ammoxidation reaction. Another object 
of the present invention is also to improve the reaction processes disclosed in JP-B-2-56938 and JP-B-2-56939. 

DISCLOSURE OF INVENTION 

45 

[0006] The present inventors have undertaken extensive studies to solve the above-mentioned problems. As a result, 
they found that a catalyst containing elements such as iron, antimony, molybdenum, bismuth and potassium etc. and 
iron antimonate within a limited composition region can exhibit a superior catalyst efficiency, and that the efficiency 
can be maintained for a longer period of time by carrying out the ammoxidation reaction while appropriately adding a 

so molybdenum-containing material thereto. 

[0007] The present catalyst composition is capable of giving a high acrylonitrile yield and stable in a catalyst structure. 
Still, in the case where such a catalyst is used for the ammoxidation reaction without interruption, a decrease of the 
acrylonitrile yield, which appears mainly due to escaping of the molybdenum component, may be observed. Since the 
ammoxidation reaction is carried out at a temperature exceeding 400°C, it seems that the escaping of the molybdenum 

55 component at the time of reaction is inevitable in this kind of catalyst having a large molybdenum content. In this regard, 
the acrylonitrile yield was able to be maintained at a higher degree for a longer period of time by continuing the reaction 
while adding and supplying the molybdenum-containing material. According to the catalyst in accordance with the 
present invention, which is structurally stable, the yield of desired products can be more sufficiently restored by adding 
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the molybdenum-containing material at the time of the ammoxidation reaction. Moreover, since the addition of the 
molybdenum-containing material at the time of the ammoxidation reaction can be repeated, the catalyst in accordance 
with the present invention can be used for a much longer period of time by such a repeated addition of the molybdenum- 
containing material. 

[0008] The addition of the molybdenum-containing material may be carried out from an early stage of the reaction. 
In applying the catalyst to the ammoxidation reaction, it is general that a catalyst surface composition and a catalyst 
structure are optimized by means of a composition, a preparation method or the like. However, it is difficult to say that 
the optimization can be always realized. As the case may be, the yield of the desired product increases by addition of 
the molybdenum-containing material at the start of the reaction . This seems that the optimization of the catalyst surface 
composition and the structure thereof can be realized also with the aid of the molybdenum-containing material. 
[0009] With respect to a conventional catalyst, the acrylonitriie yield has been insufficient as mentioned above, and 
it has been also insufficient to restore the catalyst efficiency even if the molybdenum-containing material is added on 
the grounds that the yield decreases owing to a long-term use. However, according to the present invention, there is 
provided a process capable of maintaining a high acrylonitriie yield for a long period of time. 
15 [0010] That is, the present invention provides a process for producing acrylonitriie, which comprises using a fluidized 
bed catalyst of a composition represented by the following empirical formula in the production of acrylonitriie by am- 
moxidation of propylene. The present invention also provides a process for producing acrylonitriie according said proc- 
ess, wherein the ammoxidation reaction is carried out while supplying a molybdenum-containing material. Further, the 
present invention provides said fluidized bed catalyst and a process for producing said fluidized bed catalyst. 
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[0011] In the formula, Fc. Sb. Mo Bi and K are iron, antimony, molybdenum, bismuth and potassium, respectively; 

25 F is at least one element seloctod from the group consisting of magnesium, calcium, strontium, barium, manganese, 
cobalt, nickel, copper, silver, zinc and cadmium; G is at least one element selected from the group consisting of chro- 
mium, aluminum, gallium and indium; H is at least one element selected from the group consisting of yttrium, lanthanum, 
cerium, praseodymium, neodymium and samarium; Q is at least one element selected from the group consisting of 
titanium, zirconium, vanadium, niobium, tantalum, tungsten, germanium, tin and lead; R is at least one element selected 

30 from the group consisting of lithium, sodium, rubidium, cesium and thallium; T is at least one element selected from 
the group consisting of boron, phosphorus and tellurium; O is oxygen; Si is silicon; and affixes a, b, c, d, e, f, g, h, q, 
r, t, x and y are independently of one another an atomic ratio, provided that a is a number larger than 0, and when a 
= 10, then b = 5 to 60, preferably 6 to 30, more preferably 6.5 to 20, c = 5 to 50, preferably 8 to 45, more preferably 
10 to 40, d = 0.15 to 5, preferably 0.2 to 3, more preferably 0.3 to 2.5, e = 0.1 to 5, preferably 0.2 to 3, more preferably 

35 0.3 to 1 , f = 2 to 35, preferably 3 to 30. more preferably 6 to 24, g = 0.05 to 1 0, preferably 0.1 to 8, more preferably 0.3 
to 4, h = 0.05 to 10, preferably 0.1 to 8, more preferably 0.3 to 4, h/c is larger than 0.02, preferably 0.025 to 1, more 
preferably 0.03 to 0.5, q = 0 to 1 0. preferably 0 to 8, more preferably 0 to 4, r = 0 to 5, preferably 0 to 4, more preferably 
0 to 2, t = 0 to 5, preferably 0 to 4. more preferably 0 to 2, x is a number of oxygen in a metal oxide formed by bonding 
^ of said respective components, and y = 20 to 500, preferably 25 to 200, more preferably 30 to 1 80; and in which iron 
f ^ antimonate exists as a crystal phase. 

[0012] Embodiments of the present invention are explained in more detail as follows. 

[0013] It is essential that the fluidized bed catalyst in accordance with the present invention contains iron, antimony, 
molybdenum, bismuth, potassium, the F component element, the G component, the H component and silica (Si0 2 ) as 
essential components, and further contains iron antimonate as a crystal phase. If these components are not used in 

*s the above-defined composition range, the objects of the present invention cannot be accomplished. 

[0014] The iron antimonate is a compound represented by a chemical formula, FeSb0 4 , which is disclosed in the 
above-mentioned JP-A-4-118051 and JP-A-1 0-231 125, and the existence thereof can be confirmed by an X-ray dif- 
fraction of the catalyst. The iron antimonate is essential for improving an acrylonitriie yield and for qualification of 
physical properties of the catalyst. Bismuth is essential to afford a catalyst capable of increasing the acrylonitriie yield 

50 with high stability, and it is finding that there is a preferred composition region for that purpose. When potassium is too 
little, it may happen that by-products increase, thereby decreasing the acrylonitriie yield. Whereas, when it is too large, 
it may happen that the reaction rate decreases, thereby decreasing the acrylonitriie yield. 

[0015] The F, G and H components serve for stabilization of the catalyst structure. When their amounts to be added 
are too small, the catalyst tends to become structurally unstable, and so there is a tendency that it becomes difficult 
55 to maintain a satisfactory acrylonitriie yield for a long period of time. When the amounts are too large, there is a tendency 
that the acrylonitriie yield decreases. As the F component, preferred is at least one element selected from the group 
consisting of magnesium, calcium, manganese, cobalt, nickel and zinc, and more preferred is a component containing 
at least nickel. As the G component, preferred is a component containing at least chromium. As the H component, 
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preferred is at least one element selected from the group consisting of lanthanum, cerium, praseodymium, neodymium 
and samarium, and more preferred is a component containing at least cerium. 

[0016] As the catalyst components, the above-mentioned Q, R and T components may be further incorporated. As 
the case may be, these can be added for the purpose of stabilization of the catalyst structure, improvement of oxidation 
5 reduction characteristics, control of acidity and basicity and others. As the Q component, preferred are zirconium, 
vanadium, niobium, tungsten and germanium. As the R component, preferred are sodium, rubidium and cesium, and 
particularly preferred are rubidium and cesium. If desired, the T component may be incorporated in a small amount for 
the purpose of improving the acrylonitrile selectivity, controlling the by-products or others. 

[0017] The process for producing acrylonitrile in accordance with the present invention is carried out according to a 
to fluidized bed reaction. Accordingly, the catalyst is additionally required to have physical properties suitable for the 
fluidized bed reaction. That is, it is additionally required that its bulk density, particle strength, attrition resistance, 
specific surface area, fluidity and others are suitable. For that purpose, silica is used as a carrier component. 
[0018] For preparing the catalyst in accordance with the present invention, it is permitted to apply a process appro- 
priately selected from those disclosed in the above-mentioned prior arts. 
15 [0019] For preparing iron antimonate, various processes are proposed. For example, there are processes disclosed 
in JP-A-4-118051 and JP-A-1 0-231 125, and a process to be applied may be selected therefrom. In the production of 
the catalyst in accordance with the present invention, it is important that iron antimonate is prepared in advance ac- 
cording to these processes, for example a process described in JP-A-1 0-231 125, and thereafter is mixed with other 
catalyst component materials. The iron antimonate prepared may contain a small amount of an element other than 
20 antimony and iron. The existing iron antimonate serves for the improvement of acrylonitrile selectivity and physical 
properties of the fluidized bed catalyst. 

[0020] Materials used for the molybdenum component include molybdenum oxide and ammonium paramolybdate, 
wherein ammonium paramolybdate is preferably used. Materials used for the bismuth component include bismuth 
oxide, bismuth nitrate, bismuth carbonate and bismuth oxalate, wherein bismuth nitrate is preferably used. Materials 

25 used for the iron components include iron nitrate such as ferrous nitrate (iron (II) nitrate) and feme nitrate (iron (III) 
nitrate), and iron oxalate such as ferrous oxalate (iron (II) oxalate) and ferric oxalate (iron (III) oxalate), wherein preferred 
is the iron nitrate. Materials used for the potassium component include potassium nitrate and potassium hydroxide, 
wherein potassium nitrate is preferably used. Materials of the F, G and R components include respective oxides, hy- 
droxides and nitrates, wherein preferred are nitrates, and materials of the H and Q components include respective 
oxides, hydroxides, nitrates, oxygen acids and their salts, wherein preferred are nitrates, oxygen acids and their salts. 
With respect to the T component, materials used for boron include boric acid and anhydrous boric acid, wherein an- 
hydrous boric acid is preferably used, materials used for phosphorus include phosphoric acid such as orthophosphoric 
acid, and materials used for tellurium include metal tellurium, tellurium dioxide, tellurium trioxide and telluric acid. 
Materials used for silica include silica sol and fumed silica. It is convenient to use silica sol. 

35 [0021] The iron antimonate can be blended with materials of other components to obtain a slurry. These catalyst 
materials are blended, and thereafter the resulting mixture is subjected to spray drying and calcination to obtain a 
desired fluidized bed catalyst. The catalyst materials are blended and f if necessary pH of the slurry was adjusted, and 
the resulting slurry is subjected to heat treatment and others thereby to be able to prepare a catalyst slurry. In preparing 
the catalyst slurry, preparation conditions such as a mixing means of the materials, temperature, pressure and atmos- 

40 phere can be voluntarily determined. When the slurry is prepared by adjusting pH of the slurry to a relatively high 
degree such as 3 to 8, it is recommendable to add a chelating agent such as ethylenediamine tetraacetate, lactic acid, 
citric acid, tartaric acid and gluconic acid according to a process disclosed in Japanese Patent No. 2747920, thereby 
preventing the slurry from gelling. In the case where the pH is adjusted to a relatively low degree such as 1 to 3 to 
prepare it, it is not always necessary to add the chelating agent. However when added in asmall amount, good results 

45 may be obtained. 

[0022] The thus prepared slurry can be dried by means of spray drying. A spray drying apparatus is not particularly 
limited, and may be a conventional one such as a rotary-disk type and a nozzle type. A slurry concentration of the 
slurry entering the spray drying apparatus is preferably from about 10 to about 40% by weight in terms of an oxide of 
the element constituting the catalyst. The catalyst materials can be granulated by means of the spray drying. A spray 
so drying temperature is not particularly limited. In carrying out the spray drying, pressure and atmosphere can be volun- 
tarily determined. These spray-drying conditions are determined so as to obtain a catalyst having a desired particle 
diameter as a fluidized bed catalyst. 

[0023] After completion of the drying, calcination can be carried out to obtain a desired fluidized bed catalyst. In 
carrying out the calcination, calcination conditions such as a calcination means, temperature, pressure and atmosphere 
55 can be voluntarily determined. For example, the calcination can be carried out at 200 to 500° C, and additionally at 500 
to 700°C for 0.1 to 20 hours. A calcination atmosphere is preferably an oxygen containing gas. It is conveniently carried 
out in air, which may be used in combination with a combination of oxygen and nitrogen, carbonic acid gas, water vapor 
or the like. Forthe calcination a box type calciner, a tunnel type calciner, a rotary calciner, afluidized bed calciner and 
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others can be used. 

[0024] It is recommendable to adjust a particle diameter of the thus obtained fluidized bed catalyst to preferably from 
5 to 200^m, more preferably from 20 to 1 SOujti. Incidentally, the particle diameter used herein is not an average particle 
diameter of the whole particles, but a particle diameter of the individual particles. 
5 [0025] In using the molybdenum containing fluidized bed catalyst for the production of an unsaturated nitrile, as 
mentioned above, it is known that the molybdenum-containing material is added during the reaction, thereby maintain- 
ing the yield of the desired product. However, such an effect cannot be expected to a sufficient extent unless such a 
process is applied to a catalyst having a stable catalyst structure. Since the catalyst in accordance with the present 
invention is structurally stable even when used for a long period of time at a temperature exceeding 400°C, at which 
10 this kind of the ammoxidation reaction is carried out, the reaction can be continued while adding the molybdenum- 
containing material, thereby maintaining the yield of desired products equal or superior to those of the early stage. 
However, even when such a structurally stable catalyst is used, the molybdenum component evaporates little by little 
from the catalyst under a reaction condition, and maybe this causes damage of the catalyst structure. Accordingly, 
when the molybdenum-containing material is supplied, it is necessary that the molybdenum-containing material be 
is supplied before it becomes impossible to restore such a damage of the catalyst structure. 

[0026] The molybdenum-containing material used here includes metal molybdenum, molybdenum trioxide, molybdic 
acid, ammonium dimolybdate, ammonium paramolybdate, ammonium octamolybdate, ammonium dodecamolybdate, 
phosphomolybdic acid, and those obtained by supporting these molybdenum-containing materials with an inert sub- 
stance or the above-mentioned catalyst. Of these, preferred are molybdenum trioxide, ammonium paramolybdate and 
20 those obtained by supporting these molybdenum-containing materials with an inert substance or the above-mentioned 
catalyst. Although the molybdenum-containing material can be used in a gaseous state or a liquid state, it is preferred 
from a practical point of view that these solid molybdenum-containing materials are used in a powder state. It is par- 
ticularly effective to apply a process comprising using a molybdenum-enriched catalyst obtained by enriching the above- 
mentioned catalyst with the molybdenum-containing material. According to the process, molybdenum in the molybde- 
25 num-containing material added can be efficiently utilized, and troubles caused by precipitation of the molybdenum 
oxide in the system or other reasons can be avoided. For preparing the molybdenum-enriched catalyst, the process 
described in JP^A-1 1-33400 or the like can be applied. 

[0027] These molybdenum-containing materials may be added in a reactor in a continuous or intermittent manner 
at intervals. The time of addition and an amount to be added may be appropriately determined in consideration of a 
30 relation between the yield of desired products and operation facility. The amount added at a time is preferably from 
0.01 to 3% by weight, more preferably from 0.05 to 2% by weight, as molybdenum element based on the weight of the 
catalyst filled in a reactor. It is necessary to pay attention to the followings. When the molybdenum-containing material 
is added in a large amount in a time, it may happen that the substance wastef ully escapes out of the reaction system, 
thereby resulting in useless consumption, and moreover the material precipitates or accumulates inside of the reactor 
35 or adheres to a heat exchanger, thereby causing operational problems. When it is added in an intermittent manner, a 
total amount of the molybdenum-containing material added rhay be within the range as mentioned above. 
[0028] The ammoxidation of propylene is usually carried out at a reaction temperature of 370 to 500°C under a 
reaction pressure of from atmospheric pressure to 500 kPa using a feeding gas having a composition of propylene/ 
ammonia/oxygen = 1/0.9 to 1.3/1.6 to 2.5 (molar ratio). An apparent contact time is usually from 0.1 to 20 seconds. It 
is convenient to use air as an oxygen source, which air may be diluted with water vapor, nitrogen, carbonic acid gas, 
a saturated hydrocarbon or the like, or may be enriched with oxygen. 

BEST MODE FOR CARRYING OUT INVENTION 

45 [0029] The present invention is explained in more detail with reference to Examples and Comparative Examples, 
which are not intended to limit the scope of the present invention. 

Determination of catalyst activity 

so [0030] Synthesis of acrylonitrile by means of ammoxidation of propylene was carried out as follows to evaluate the 
catalyst activity. 

[0031] A catalyst was filled in a fluidized bed reactor having a catalyst fluidizing zone of an inner diameter of 25 mm 
and a height of 400 mm, and a mixed gas having a composition of propylene/ammonia/air/water vapor =1/1 .2/9.5/0.5 
(molar ratio) was introduced therein at a linear velocity of the gaseous feedstock of 4.5 cm/sec. The reaction pressure 
55 was controlled to 200 kPa. 

[0032] Still, at the time of reaction, a molybdenum-containing material was appropriately added. The molybdenum- 
containing material such as some molybdenum compounds and molybdenum component-enriched catalysts was add- 
ed, at intervals of 100 to 500 hours, in an amount of 0.1 to 0.2% by weight as molybdenum element based on the 
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weight of the catalyst filled in a reactor. The molybdenum -containing material, which was in a powder state, was fed 
from an upper part of the reactor. 

[0033] Contact time and the acrylonitrile yield were found according to the following calculation equations, respec- 
tively. 

5 [0034] Contact time (sec) = Volumeof catalyst (ml) basedon apparent bulk density/Flow rate offeeding gas converted 
to reaction conditions (ml/sec) 

[0035] Acrylonitrile yield (%) = Mole number of acrylonitrile produced/Mole number of propylene supplied x 1 00 
Example 1 

10 

[0036] A catalyst of a composition, Fe 10 Sb 9 2 Mo 15 Bi 0 6 Kq 3 Co 225 Ni 6 Cr, 2 Ce 0 6 P 03 B 0 3 O x (Si0 2 ) 55 (x is a 
number naturally determined depending upon the valence numbers of the other elements), was prepared as follows. 
[0037] In 3000 g of pure water, 304.9 g of ammonium paramolybdate was dissolved, and successively 2.9 g of 85% 
phosphoric acid and 1.2 g of anhydrous boric acid were added thereto. The resulting liquid was mixed with another 

15 liquid obtained by dissolving 33.5 g of bismuth nitrate, 3.5 g of potassium nitrate, 75.4 g of cobalt nitrate, 200.9 g of 
nickel nitrate, 55.3 g of chromium nitrate, 30 g of cerium nitrate and 24.9 g of citric acid in 270 g of 3.3% nitric acid. A 
liquid obtained by dissolving 76.8 g of ferric nitrate and 25 g of citric acid in 270 g of pure water was prepared and 
added thereto. Successively, 1902.5 g of 20% silica sol was added thereto. The resulting slurry was adjusted to pH 2 
by addition of 1 5% aqueous ammonia while being stirred, and subjected to heat treatment at 98°C for 1 .5 hours. Further, 

20 1 198.5 g of a 20% iron antimonate slurry separately prepared was added thereto. 

[0038] The thus prepared slurry was spray-dried using a rotary disk type spray drier, whose inlet temperature and 
outlet temperature were controlled to 330°C and 1 60°C, respectively. The dried particle was subjected to heat treatment 
at 250°C for 2 hours and additionally at 400°C for 2 hours, and finally subjected to fluidized calcination at 670°C for 3 
hours. 

25 [0039] Incidentally, the iron antimonate slurry used was prepared as follows. 

[0040] To a mixture oM 81 5 g of 65% by weight nitric acid and 1 006 g of pure water, 21 8 g of electrolytic iron powder 
was added little by little. After the iron powder was completely dissolved, 629 g of antimony trioxide powder was added 
thereto, and then 1 0% aqueous ammonia was dropwise added thereto to adjust the pH to 1 .8 while being stirred. The 
resulting slurry was heated at 98°C for 3 hours under stirring. The slurry was dried using a spray drier, whose inlet 

30 temperature and outlet temperature were controlled to 330°C and 160°C, respectively, and the dried product was 
subjected to calcination at 250°C for 2 hours and additionally at 400°C for 2 hours, and further subjected to calcination 
at 850°C for 3 hours under nitrogen atmosphere. After completion of calcination, the product was pulverized, followed 
by mixing with pure water, thereby obtaining the 20% iron antimonate slurry. In the following Examples and Comparative 
Examples also, the iron antimonate slurry prepared in such a manner was used. 

35 

Example 2 

[0041] A catalyst having a composition of Fe 10 Sb 9 2 Mo 15 Bi 0 6 Kq 3 Ni 8 25 Cr o.75 Ga o.45 Ce o.6 p o.3 °x ( Si0 2)s5 was 
prepared in a manner similar to that of Example 1, and then subjected to calcination under conditions as shown in 
40 Table 1 , except that anhydrous boric acid and cobalt nitrate were not added and gallium nitrate as a Ga material 
additionally dissolved in the above-mentioned nitric acid was added. 

Example 3 

45 [0042] A catalyst having a composition of Fe 10 Sb 8 6 Mo 20 Bi 0 8 Kq A Ni 8 Cao 6 Zn 0 4 Cr 2 4 Al 0 2 ln 0 2 2 Ce 0 6 Ge 0 4 
B 04 O x (SiO 2 ) 70 was prepared in a manner similar to that of Example 1, and then subjected to calcination under 
conditions as shown in Table 1 , except that phosphoric acid and cobalt nitrate were not added, and calcium nitrate, 
zinc nitrate, aluminum nitrate, lanthanum nitrate and indium nitrate as Ca, Zn, Al, La and In materials, respectively, 
additionally dissolved in the above-mentioned nitric acid, and germanium oxide as a Ge material were independently 

50 added next to the addition of ammonium paramolybdate. 

Example 4 

[0043] A catalyst having a composition of Fe 10 Sb 8 0 Mo 25 Bi-, 25 Kq 75 Ni 12 5 Mg 2 5 C^ Ce 1 Pr 025 O x (SiO 2 ) 100 was 
55 prepared in a manner similar to that of Example 1 , and then subjected to calcination under conditions as shown in 
Table 1 , except that phosphoric acid, anhydrous boric acid and cobalt nitrate were not added, and magnesium nitrate 
and praseodymium nitrate as Mg and Pr materials : respectively, additionally dissolved in the above-mentioned nitric 
acid were added. 
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Example 5 

[0044] A catalyst having a composition of Fe 10 Sb 6 Q Mo 25 Bi, & K 0 5 Ni 125 Cr r75 Ce, 25 Rb 0 25 P 0 25 B 055 O x (SiO 2 ) 90 
was prepared as follows. 

5 [0045] In 3000 g of pure water, 352.8 g of ammonium paramo lybdate was dissolved, and successively 1 .65 g of 85% 
phosphoric acid and 0.7 g of anhydrous boric acid were added thereto. The resulting liquid was mixed with another 
liquid obtained by dissolving 48.5 g of bismuth nitrate, 4.0 g of potassium nitrate, 290.5 g of nickel nitrate, 56.0 g of 
chromium nitrate, 43.4 g of cerium nitrate, 2.9 g of rubidium nitrate and 25 g of citric acid in 270 g of 3.3% nitric acid. 
Successively, 21 61 .1 g of 20% silica sol was added thereto. The resulting mixture was adjusted to pH 7.7 by dropwise- 

10 addition of 1 5% aqueous ammonia while being stirred, and subjected to heat treatment at 98°C for 1 .5 hours. A liquid 
prepared by dissolving 1 21 .1 g of ferric nitrate and 25 g of citric acid in 270 g of pure water was prepared and added 
thereto, and further, 623.5 g of a 20% iron antimonate slurry separately prepared was added thereto. 
[0046] The thus prepared slurry was spray-dried using a rotary disk type spray drier, whose inlet temperature and 
outlet temperature were controlled to 330°C and 1 60°C, respectively. The dried particle was subjected to heat treatment 

15 at 250°C for 2 hours and additionally at 400°C for 2 hours, and finally subjected to fluidized calcination at 680°C for 3 
hours. 

Example 6 

20 [0047] A catalyst having a composition of Fe 10 Sb 77 Mo^ Bi 1 2 Ko 9 Ni 16 5 Cr i 2 Ce 24 W 1 5 P 06 O x (SiO 2 ) 110 was 
prepared as follows. 

[0048] In 3000 g of pure water, 25.5 g of ammonium paratungstate was dissolved, thereafter 344.8 g of ammonium 
paramolybdate was dissolved therein , and successively 3.29 g of 85% phosphoric acid was added thereto. The resulting 
liquid was mixed with another liquid obtained by dissolving 37.9 g of bismuth nitrate, 5.9 g of potassium nitrate, 312.4 
25 g of nickel nitrate, 31 .3 g of chromium nitrate, 67.8 g of cerium nitrate and 25 g of citric acid in 270 g of 3.3% nitric acid. 
Successively, 2151 .7 g of 20% silica sol was added thereto. The resulting slurry was adjusted to pH 5 by dropwise- 
addition of 1 5% aqueous ammonia while being stirred, and subjected to heat treatment under reflux at 98°C for 1 .5 
hours. A liquid obtained by dissolving 78.9 g of ferric nitrate and 25 g of citric acid in 270 g of pure water was added 
thereto, and further, 567.5 g of a 20% iron antimonate slurry separately prepared was added thereto. 
30 [0049] The thus prepared slurry was spray-dried using a rotary disk type spray drier, whose inlet temperature and 
outlet temperature were controlled to 330°C and 1 60°C, respectively. The dried particle was subjected to heat treatment 
at 250°C for 2 hours and additionally at 400°C for 2 hours, and finally subjected to fluidized calcination at 690°C for 3 
hours. 

35 Example 7 

[0050] A catalyst having a composition of Fe 10 Sb 6 5 Mo 30 Bi t 2 Kq.s Mg 3 Ni 10 5 5 Cr, 2 Ce 1 2 Nb 0 3 O x (SiO 2 ) 150 
was prepared in a manner similar to that of Example 6, and then subjected to calcination under conditions as shown 
in Table 1, except that ammonium paratungstate and phosphoric acid were not added, and manganese nitrate and 
( ) magnesium nitrate as Mn and Mg materials, respectively, additionally dissolved in the above-mentioned nitric acid, 
" ' and niobium hydrogen oxalate as an Nb material were independently added next to the addition of ammonium para- 
molybdate. 



o 



45 



50 



Example 8 

[0051] A catalyst having a composition of Fe 10 Sb 7 4 Mo^ Bi 1 5 Ko 6 Co 3 Ni 13 5 Cr 24 Ce 2 A CSq 3 P 0 3 O x (SiO 2 ) 120 
was prepared in a manner similar to that of Example 6, and then subjected to calcination under conditions as shown 
in Table 1 , except that no ammonium paratungstate was added, and cesium nitrate and cobalt nitrate as a Ce material 
and a Co material, respectively, additionally dissolved in the above-mentioned nitric acid were added. 

Example 9 



[0052] A catalyst having a composition of Fe 10 Sb 7 2 Mo^ B^ 4 K 1 05 Ni 21 Cr 2 45 Ce A 4 Nd 0 35 2r 0 7 P 0 7 O x (Si0 2 ) 125 
was prepared in a manner similar to that of Example 6, and then subjected to calcination under conditions as shown 
55 jn Table 1 , except that no ammonium paratungstate was added, and neodymium nitrate and zirconium oxynitrate as 
an Nd material and a Zr material, respectively, additionally dissolved in the above-mentioned nitric acid were added. 
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Example 1 0 

[0053] A catalyst having a composition of Fe 10 Sb 7 5 Mo^ Bi 2 Ni 24 Cr 2 8 Ce 1 6 Sm 0 4 V 0 4 Te 0 8 O x (SiO 2 )i4 0 was 
prepared in a manner similar to that of Example 6, and then subjected to calcination under conditions as shown in 
5 Table 1 , except that ammonium paratungstate and phosphoric acid were not added, and samarium nitrate as an Sm 
material additionally dissolved in the above-mentioned nitric acid, and ammonium methavanadate as a V material were 
independently added next to the addition of ammonium paramo lybdate, and moreover a liquid obtained by dissolving 
telluric acid as a Te material in water was added to the solution of ferric nitrate and citric acid. 

10 Comparative Example 1 

[0054] A catalyst having a composition of Fe 10 Sb 9 2 Mo 15 Bi 0 6 Kq 3 Ni 8 25 P 0 3 O x (Si0 2 ) 55 was prepared in a manner 
similar to that of Example 1, and then subjected to calcination under conditions as shown in Table 1, except that 
anhydrous boric acid, cobalt nitrate, chromium nitrate and cerium nitrate were not added. 

15 

Comparative Example 2 

[0055] A catalyst having a composition of Fe 10 Sb 9 2 Mo 15 Bi 0 6 Kq 3 Ni 8 25 Lslq 3 Ce 0 6 P 0 3 O x (Si0 2 ) 55 was prepared 
in a manner similar to that of Example 1 , and then subjected to calcination under conditions as shown in Table 1 , except 
20 that anhydrous boric acid, cobalt nitrate and chromium nitrate were not added, and lanthanum nitrate as a La material 
additionally dissolved in the above-mentioned nitric acid was added. 

Comparative Example 3 

25 [0056] A catalyst having a composition of Fe 10 Sb 7 4 Mo 30 Bi 1 5 Kq 6 Co 3 Ni 13 5 Cr 2 4 P 0 3 O x (SiO 2 ) 110 was prepared 
in a manner similar to that of Example 6, and then subjected to calcination under conditions as shown in Table 1 , except 
that ammonium paratungstate and cerium nitrate were not added, and cobalt nitrate as a Co material additionally 
dissolved in the above-mentioned nitric acid was added. 

so Comparative Example 4 

[0057] A catalyst having a composition of Fe 10 Sby^ Mo 30 Bi 1 5 Kq 6 Co 3 Ni 13 5 Cr 2 4 Ce 0 3 P 0 3 O x (SiO 2 ) 110 was 
prepared in a manner similar to that of Example 6, and then subjected to calcination under conditions as shown in 
Table 1 , except that no ammonium paratungstate was added, and cobalt nitrate as a Co material additionally dissolved 
35 in the above-mentioned nitric acid was added. 

[0058] Incidentally, the molybdenum-enriched catalysts used for the ammoxidation reaction in Examples 3 and 7 to 
1 0 and Comparative Examples 3 and 4 were those prepared by impregnating the catalysts obtained in the correspond- 
ing Examples and Comparative Examples with an aqueous solution of ammonium paramolybdate, followed by drying 
and calcination. 

40 [0059] Using the catalysts obtained in these Examples and Comparative Examples, the ammoxidation reaction of 
propylene was carried out under the above-mentioned conditions. The results were as shown in the following Table. 



45 



50 



55 
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Table 1 
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INDUSTRIAL APPLICABILITY 

[0060] The process for producing acrylonitrile in accordance with the present invention can give a high acrylonitrile 
yield. Moreover, it is possible to increase long-term stability of the reaction owing to a stable catalyst structure, and to 
maintain the catalyst efficiency for a long period of time by adding and supplying a molybdenum component. 



Claims 

10 1 . A process for producing acrylonitrile, which comprises using a fluidized bed catalyst of a composition represented 
by the following empirical formula in the production of acrylonitrile by ammoxidation of propylene, 



Fea Sbb Moc Bid Ke Ff Gg Hh Qq Rr Tt Ox (SiQ2)y 



15 



o 



wherein Fe, Sb, Mo, Bi and K are iron, antimony, molybdenum, bismuth and potassium, respectively; F is at 
least one element selected from the group consisting of magnesium, calcium, strontium, barium, manganese, 
cobalt, nickel, copper, silver, zinc and cadmium; G is at least one element selected from the group consisting of 
chromium, aluminum, gallium and indium; H is at least one element selected from the group consisting of yttrium, 
20 lanthanum, cerium, praseodymium, neodymium and samarium; Q is at least one element selected from the group 

consisting of titanium, zirconium, vanadium, niobium, tantalum, tungsten, germanium, tin and lead; R is at least 
one element selected from the group consisting of lithium, sodium, rubidium, cesium and thallium; T is at least one 
element selected from the group consisting of boron, phosphorus and tellurium; O is oxygen; Si is silicon; and 
affixes a, b, c, d, e, f, g, h, q, r, t, x and y are independently of one another an atomic ratio, provided that a is a 
25 number larger than 0, and when a = 10, then b = 5 to 60, c = 5 to 50, d = 0.15 to 5, e = 0.1 to 5, f = 2 to 35, g = 

0. 05 to 10, h = 0.05 to 10, h/c is larger than 0.02, q = 0 to 10, r = 0 to 5, t = 0 to 5, x is a number of oxygen in a 
metal oxide formed by bonding of said respective components, and y = 20 to 500; and in which iron antimonate 
exists as a crystal phase. 

30 2. The process for producing acrylonitrile according to Claim 1, wherein the ammoxidation reaction is carried out 
while adding a molybdenum-containing material. 

3. The process for producing acrylonitrile according to Claim 2, wherein the molybdenum-containing material to be 
added is a molybdenum-enriched catalyst obtained by enriching said fluidized bed catalyst with molybdenum. 

35 

4. The process according to any one of Claims 1 to 3, wherein F is at least one element selected from the group 
consisting of magnesium, calcium, manganese, cobalt, nickel and zinc; G contains at least chromium; H is at least 
one element selected from the group consisting of lanthanum, cerium, praseodymium, neodymium and samarium; 
Q is at least one element selected from the group consisting of zirconium, vanadium, niobium, tungsten and ger- 

f ) manium; R is at least one element selected from the group consisting of sodium, rubidium and cesium; and when 
a = 10, then b = 6 to 30, c = 8 to 45, d = 0.2 to 3, e = 0.2 to 3, f = 3 to 30, g = 0.1 to 8, h = 0.1 to 8, h/c = 0.025 to 

1, q = 0 to 8, r = 0 to 4, t = 0 to 4, and y = 25 to 200. 

5. The process according to any one of Claims 2 to 4, wherein the molybdenum-containing material is added in an 
45 amount of from 0.05 to 2% by weight as molybdenum element based on the weight of said fluidized bed catalyst. 

6. A fluidized bed catalyst used for a production of acrylonitrile by ammoxidation of propylene, which has a composition 
represented by the following empirical formula: 



so 



Fea Sbb Moc Bid Ke Ff Gg Hh Qq Rr Tt Ox (Si02)y 



wherein Fe, Sb, Mo, Bi and K are iron, antimony, molybdenum, bismuth and potassium, respectively; F is at 
least one element selected from the group consisting of magnesium, calcium, strontium, barium, manganese, 
55 cobalt, nickel, copper, silver, zinc and cadmium; G is at least one element selected from the group consisting of 

chromium, aluminum, gallium and indium; H is at least one element selected from the group consisting of yttrium, 
lanthanum, cerium, praseodymium, neodymium and samarium; Q is at least one element selected from the group 
consisting of titanium, zirconium, vanadium, niobium, tantalum, tungsten, germanium, tin and lead; R is at least 
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one element selected from the group consisting of lithium, sodium, rubidium, cesium and thallium; T is at least one 
element selected from the group consisting of boron, phosphorus and tellurium; O is oxygen; Si is silicon; and 
affixes a, b, c, d, e, f, g, h, q, r, t, x and y are independently of one another an atomic ratio, provided that a is a 
number larger than 0, and when a = 10, then b = 5 to 60, c = 5 to 50, d = 0.15 to 5, e = 0.1 to 5, f = 2 to 35, g = 
5 0.05 to 1 0, h = 0.05 to 1 0, h/c is larger than 0.02, q = 0 to 1 0, r = 0 to 5, t = 0 to 5, x is a number of oxygen in a 

metal oxides formed by bonding of said respective components, and y = 20 to 500; and in which iron antimonate 
exists as a crystal phase. 

7. The catalyst according to Claim 6, wherein F is at least one element selected from the group consisting of mag- 
10 nestum, calcium, manganese, cobalt, nickel and zinc; G contains at least chromium; H is at least one element 

selected from the group consisting of lanthanum, cerium, praseodymium, neodymium and samarium; Q is at least 
one element selected from the group consisting of zirconium, vanadium, niobium, tungsten and germanium; R is 
at least one element selected from the group consisting of sodium, rubidium and cesium; and when a = 10, then 
b = 6 to 30, c = 8 to 45, d = 0.2 to 3, e = 0.2 to 3, f = 3 to 30, g = 0.1 to 8, h = 0.1 to 8, h/c = 0.025 to 1 , q = 0 to 8, 
15 r= 0 to 4, t = 0 to 4, and y = 25 to 200. 

8. A process for producing a f luidized bed catalyst used for a production of acrylonitrile by ammoxidation of propylene, 
which comprises blending iron antimonate, a material of a molybdenum component, a material of a bismuth com- 
ponent, a material of a potassium component, a material of an F component, a material of a G component, a 

20 material of an H component and Si02 and, if desired respective materials of Q, R and T components, andsubjecting 

the resulting mixture to spray-drying and calcination to obtain a f luidized bed catalyst of a composition represented 
by the following empirical formula: 



25 



Fea Sbb Moc Bid Ke Ff Gg Hh Qq Rr Tt Ox (Si02)y 



o 



wherein Fe, Sb, Mo, Bi and K are iron, antimony, molybdenum, bismuth and potassium, respectively; F is at least 
one element selected from the group consisting of magnesium, calcium, strontium, barium, manganese, cobalt, 
nickel, copper, silver, zinc and cadmium; G is at least one element selected from the group consisting of chromium, 

30 aluminum, gaUjum and indium; H is at least one element selected from the group consisting of yttrium, lanthanum, 

cerium, praseodymium, neodymium and samarium; Q is at least one element selected from the group consisting 
of titanium, zirconium, vanadium, niobium, tantalum, tungsten, germanium, tin and lead; R is at least one element 
selected from the group consisting of lithium, sodium, rubidium, cesium and thallium; T is at least one element 
selected from the group consisting of boron, phosphorus and tellurium; O is oxygen; Si is silicon; and affixes a, b, 

35 c, d. e, f , g, h, q, r, t, x and y are independently of one another an atomic ratio, provided that a is a number larger 

than 0, and when a = 10, then b = 5 to 60, c = 5 to 50, d = 0.15 to 5, e= 0.1 to 5, f = 2 to 35, g = 0.05 to 10, h = 
0.05 to 10, h/c is larger than 0.02, q = 0 to 10, r = Oto 5, t = 0 to 5, x is a number of oxygen in a metal oxide formed 
by bonding of said respective components, and y = 20 to 500; and in which iron antimonate exists as a crystal phase. 

40 9. The process according to Claim 8, wherein F is at least one element selected from the group consisting of mag- ( j 

nesium, calcium, manganese, cobalt, nickel and zinc; G contains at least chromium; H is at least one element 
selected from the group consisting of lanthanum, cerium, praseodymium, neodymium and samarium; Q is at least 
one element selected from the group consisting of zirconium, vanadium, niobium, tungsten and germanium; R is 
at least one element selected from the group consisting of sodium, rubidium and cesium; and when a = 10, then 

45 b = 6 to 30, c = 8 to 45, d s 0.2 to 3, e = 0.2 to 3, f = 3 to 30, g = 0.1 to 8, h = 0.1 to 8, h/c = 0.025 to 1 , q = 0 to 8, 

r = 0 to 4, t = 0 to 4, and y = 25 to 200. 
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